Introduction: To evaluate the relative value of technical ultrasound advances in differentiation of thyroid nodules in multinodular goitre.
Introduction
Ultrasound enables visualisation of thyroid nodules in a high percentage of the population, reaching 30-70% [1] . Nodular goitres are clinically recognisable enlargements of the thyroid gland characterised by excessive growth and structural and/or functional transformation of one or several areas within the normal thyroid tissue [2] . Most thyroid incidentalomas are benign; however, some papers report that the percentage of cancer in these group of patients is high, reaching 17%. This implies the necessity of ultrasound and biopsy evaluation in these groups of patients [3] . Determination of thyroid nodules for biopsy is especially important in nodular goitre patients. On ultrasound examinations nodular goitre is frequently diagnosed, especially in the group of older people and in areas of iodine deficiency. The prevalence of thyroid cancer in patients with a multinodular goitre is not firmly established, with reported rates in the literature ranging between 3 and 35%, and there is no difference whether the gland contains a single nodule or multiple nodules [4] .
In recent years many new ultrasound applications from B-mode optimisation, flow imaging, microcalcifications mapping, and elastography have been implemented to clinical ultrasound scanners.
The aim of our study was to evaluate the relative value of technical ultrasound advances in differentiation of thyroid nodules in multinodular goitre.
Material and methods
The study was approved by the Local Bioethical Committee. Each patient gave informed consent before enrolment. The study included examinations performed between January 2009 and April 2014. The study involved patients with multinodular goitre, who were scheduled for thyroidectomy (because of: compression symptoms, cosmetic defect, diagnosis or suspicion of malignancy, and hormonal imbalance).
Selection of the nodules for the analysis with advanced ultrasound techniques (enhanced B-mode, MicroPure, Power Doppler and Strain Elastography) included any combination of the following thyroid nodule ultrasound suspicious features: shape taller than wide, low echogenicity, irregular margins, high echogenicity foci, central or mixed vascularisation, and dominant nodule by ultrasound features in the ultrasound presentation of nodular goiter [5, 6] .
The examination was performed with a Toshiba (Japan) Aplio XG scanner, with high frequency 7-18 MHz linear transducer with field of view width of 38 mm. The ultrasound examinations were performed with factory settings optimised for thyroid imaging including trapezoid field of view for all modes except for elastography.
The protocol included the following methods: -B-mode with simultaneous application of new image improvement techniques such as spatial compound imaging and differential tissue harmonics ( Fig. 1A left) ; -Mapping of the microcalcifications -MicroPure ( Fig. 1A right) ; -Power Doppler (Fig. 1B) ; -Strain Elastography -qualitative and semiquantitative (Elasto-Q) (Fig. 1C, D) . Strain elastography images included part of the thyroid parenchyma and possibly the whole nodule. However, in order to maximise the number of suspicious nodules to be evaluated we also included the nodules that were visualised partially. Cystic degenerations and macrocalcifications were not exclusion criteria for further elastographic analysis of the nodules. However, the semiquantitative strain measurements included only the solid parts without macrocalcifications. The representative images were stored in digital form.
Assessed features included: B-mode -echogenicity, margins, halo, microcalcifications, macrocalcifications, eggshell calcification, comet tail artefact, cystic areas in the nodule, shape of the nodule taller than wide (axial plane), mean lesion diameter, and lesion volume.
MicroPure imaging (punctate high echogenicity foci on blue background), Power Doppler I -Lack of vessels in the nodule; II -dominant peripheral vessels in the nodule, III -dominant central vessels in the nodule, IV -mixed vessels structure, both peripheral and central, Strain Elastography: -Qualitative assessment -Elasticity Index [7] ; -Semiquantitative assessment -Strain Ratio evaluation.
Statistical analysis
Statistical analysis was performed with STATISTICA 10 (StatSoft Inc.) and RapidMiner. W Shapiro-Wilk test, U Mann-Whitney test Chi2 test were performed. AUC ≥ 0.7 and p < 0.05 were considered significant.
Results
The research group consisted of 124 patients with multinodular goitre, who were referred for thyroidectomy (110 women and 14 men). In total 163 nodules were evaluated (147 benign and 16 cancers). The malignant lesions were 16 papillary cancers (including 4 follicular variant and 1 oxyphilic variant).
21 patients had a coexisting autoimmune disease (19 Hashimoto disease, 2 Graves-Basedow disease), that represented 17% of all patients.
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B-mode
B-mode ultrasound characteristics of the thyroid nodules and B-mode features that differentiate benign and malignant lesions are presented in Table I and II.
Mean diameters and volume of nodules were bigger for benign lesions than malignant ones and were 23.9 mm vs. 17.5 mm and 11.5 cm 3 vs. 8.4 cm 3 respectively. These differences where statistically significant (diameter p = 0.0001, volume p = 0.0233).
Micropure imaging
Presence of microcalcifications on B-mode did not prove to be a differential factor between malignant and benign nodules, p = 0.0840. Additional application of specialized software, Micropure imaging, did not improve differentiation (p = 0.1860), increased sensitivity (75.0% vs. 68.8%) but decreased specificity (47.7% vs. 54.4%). 
Power Doppler
Four grade scale was adopted for evaluation of thyroid nodules with Power Doppler. Most of the malignant lesions were vascularized (81.3%), with most frequent peripheral vascularization (37.5%) and mixed vascularization (31.3%).
Most of the benign lesions were also vascularized (88.4%), with peripheral vascularization in 40.8% and mixed vascularization in 36.7%.
Among assessed vascular patterns none of them was statistical significant p > 0.05. 
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Strain Elastography
The whole nodule with part of surrounding thyroid parenchyma was visible and evaluated with elastography in 59.3%. The remaining 40.7% nodules were so large that only part of the crossection of the nodule was possible to be visualized and evaluate with margin of thyroid parenchyma on one elastography image.
Differentiation with Elasticity Index was statistically insignificant p > 0.05, OR range 0.5-2.0.
Semi-quantitative analysis with Strain Ratio did not revealed any differences in malignant and benign lesions, p = 0.0741. ROC analysis was insignificant, AUC = 0.404.
Data mining
Statistical analysis revealed that among the singular advanced ultrasound methods, improved B-mode imaging proved to be the best one (sensitivity 76.76%, specificity 62.5%, accuracy 75.36%, AUC 0.740) (Fig. 2) .
Among single methods and their combinations, model B-mode and MicroPure imaging presented the best discriminatory power, AUC = 0.771, with sensitivity 80.28%, specificity 68.75%, and accuracy 79.17% (Fig. 3) .
Model B-mode and Strain Elastography presented lower discriminatory power than that mentioned above, AUC = 0.712, with sensitivity 78.17%, specificity 50%, and accuracy 75.24% (Fig. 4) .
Figure 2. ROC graph for improved B-mode imaging
Rycina 2. ROC dla wzbogaconego obrazowania B-mode
Figure 3. ROC graph for improved B-mode imaging and MicroPure imaging
Rycina 3. ROC dla wzbogaconego obrazowania B-mode i obrazowania Micropure
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Other combinations presented AUC values under 0.7 (Table III) .
Discussion
In recent years many ultrasound technical advances have been evaluated in regard to thyroid pathology. These include techniques that improve quality of B-mode images, like harmonic imaging [8] and compound spatial imaging [9] , or altered the presentation of ultrasound data, like panoramic or trapezoid field of view ultrasound , 3D ultrasound [10] , or MicroPure imaging [11] . The vascularisation of the nodules was assessed with Colour or Power Doppler [12] or by using contrast agents [13] . In our study, among singular modes of ultrasound imaging, only improved B-mode imaging proved to have a significant role in differentiation of thyroid nodules. Additional gain was seen by the ad- 
Figure 4. ROC graph for improved B-mode imaging and strain elastography
Rycina 4. ROC dla wzbogaconego obrazowania B-mode i elastografii odkształceń względnych
PRACE ORYGINALNE
dition to B-mode evaluation of high echogenicity foci with MicroPure imaging. The statistically significant B-mode ultrasound features that suggested malignancy included: shape -taller than wide, markedly hypoechoic, absence of cystic areas, absence of halo, and blurred/microlobulated margins.
In this study the markedly hypoechoic criterion was defined differently than in previous studies [6] because then we included to this group the lesions with echogenicity equal to or lower than the echogenicity of strap muscles. However, the contrast on B-mode imaging was influenced by technical advancements such as combined compound imaging and tissue harmonic imaging. These two techniques also influence the presentation of high echogenicity foci, enhancing their visibility but conversely influencing their posterior artefacts (comet tail artefacts or acoustic shadow). We cannot be sure about the precise influence of joint application of both techniques on the presentation of posterior artefacts on the image because the spatial compound imaging reduces the artefacts and tissue harmonic imaging enhances them [14] .
The cancers in our series included papillary carcinomas only. In the literature these present microcalcifications with high specificity (85.8-95%), although with poor sensitivity in the range 25-40%, but in some series in as many as 90% [15] . However, in our study microcalcifications proved to be an insignificant feature of malignancy with higher sensitivity (68.8%) but with decreased specificity (54.4%) in contrast to literature data. This may be partly because inspissated colloid in benign nodules may present as microcalcifications without visible comet tail artefacts. This finding seems to be more typical for nodules in multinodular goitre than in single thyroid nodules. Furthermore, the presence of the ring-down artefact does not necessarily preclude contemplating biopsy; microcalcifications and colloid may coexist in the same nodule [16] . The impossibility of distinguishing between microcalcifications and inspissated colloid could also influence the dedicated microcalcifications imaging with MicroPure technique. MicroPure as a sole technique did not prove to be statistically significant enough to differentiate thyroid nodules, even with increasing sensitivity to 75.0% and decreasing specificity to 47.6%. However, its combination with B-mode imaging improved the discriminatory power of B-mode imaging.
Spatial compound imaging and harmonic imaging reduce speckles and improve margin delineation. In our study blurred/microlobulated margins proved to be a single predictor of malignancy, with sensitivity of 50% and specificity of 78.9%. Improved detection of blurred margins may indicate malignancy, but it may also be a marker of aggressive behaviour of papillary thyroid carcinoma [6, 17] .
The new and most specific discriminatory power features were described by Kim et al., which are parallel to breast cancer features and include: shape taller than wide and markedly hypoechogenic -in our study this presented the best discriminatory power, with sensitivity 68.7% and 62.5% (that was much higher than in the Kim study at 32.7% and 26.5%, respectively) and specificity 87.8% and 89.8% (similar to the Kim study), respectively. This could be partly attributed to the application of spatial compound and tissue harmonic imaging in our study.
Despite initial expectations regarding the discriminatory power of Doppler techniques, the newest option the Power Doppler in our study did not prove to be useful, as presented recently in the literature [12] .
Strain elastography, which was used in our study, assesses the elastic properties of tissues by analysing tissue strain, i.e. tissue deformation parallel to direction of the exploratory force. Deformation in our study was induced by slight compression with probe by the ultrasonologist. For the classification of the nodule stiffness qualitatively, the most widely recently used 4 grade Asteria scale was applied [7] . The second, semiquantitiave approach included the ratio of thyroid parenchyma strain to the nodule one. Some cases of multinodular goitre were disqualified from our study because of lack of ultrasound-visible thyroid parenchyma, which is an unavoidable disadvantage in characterising some cases of this disease. A characteristic feature of many cases of multinodular goitres is large diameter of the nodules, which resulted in partial visualisation of the nodule together with portion of thyroid parenchyma in our material -in 40.7% of nodules. According to some opinions, evaluated nodules should be visualised with elastography image as a whole [14] . Even in this approach the nodule is examined partially in the plane chosen by the operator. To examine the possibility of characterisation of ultrasonographically suspicious nodules in multinodular goitre by elastography, we decided to include into the analysis the nodules that could be only partially visualised with surrounding thyroid parenchyma, which is necessary for proper evaluation of the nodule strain.
Both qualitative and semiquantitative approaches in the case of nodular goitre patients proved not to be useful for differentiation of thyroid nodules, p>0.05. Joint analysis of B-mode and strain elastography (qualitative and semiquantitative approach) did not exceed the discriminatory power of B-mode assessment (AUC 0.712 vs. 0.740). This is consistent with the literature [18] [19] [20] . It may be attributable to the location and neighbourhood of the thyroid on the neck, with location of the lateral lobes in the groove between sternocleidomastoid muscle and trachea, resulting in the oblique movements of the thyroid gland and nodules upon vertical compression with the probe by the operator. These movements with a lateral component may introduce error to the measurement of the strain in free-hand elastography. This probably cannot be overcome even by carotid pulsation elastography,which did not incorporate the compression by the operator. In this technique carotid pulsation compression also involves oblique planes and is unpredictable. Moreover, carotid pulsation elastography cannot be applied for the nodules located far from carotid arteries as in thyroid isthmus [21] .
Similarly to shadowing, reverb, and clutter artefacts that can be present in B-mode images, elasticity images are susceptible to their own artefacts, which clinicians must be trained to accommodate during their interpretation. Tissue compression can lead to strain concentration artefacts around structures,which can lead to distortions in the strain fields [22] . This may be especially significant in the case of multinodular goitre, where the elasticity of one nodule may be influenced by the elasticity of the surrounding nodules.
The poor performance of elastography in our study may be partly attributed to the features of multinodular goitre. This could be overcome by shear-wave elastography, which evaluates the stiffness in the nodules in absolute values as kPa or m/s. It does not necessarily require the reference thyroid parenchyma tissue to be present and may evaluate in real time the stiffness of the whole nodule even if it is large in several imaging planes. It may enable measurement of the E plane by plane, resulting in evaluation of this value for the entire nodule. However, even in this technique, cut off values optimised for diagnosis of malignancy, in studies using identical SWE technology, range between 42.1 kPa and 65 kPa and corresponding diagnostic performances range between 52.9% sensitivity, 77.8% specificity, and 85.2% sensitivity, 93.9% specificity [23, 24] . In evaluation of multinodular goitre this problem of different thresholds could possibly be solved with approach of Wolinski et al. [25] , who referred the hardest nodules in the multinodular goitre for fine-needle aspiration biopsy (FNAB), irrespectively of the already published cutoff values.
The limitations of our study include: retrospective character, small number of cancer cases, only papillary cancer malignancies, and the width of the probe.
Conclusions
Among singular modes of ultrasound imaging, only improved B-mode imaging proved to play a significant role in the differentiation of thyroid nodules in multinodular goitre. Additional gain was made by the addition to B-mode of the mapping of microcalcifications with MicroPure imaging. Power Doppler and strain elastography did not prove to be useful techniques in multinodular goitre.
